Introduction
Protein-energy malnutrition is a significant health concern particularly affecting older adults. Its prevalence varies widely according to setting, i.e. less than 10% of independently living older adults are affected, whereas the prevalence increases up to 50% or more in nursing-home residents, geriatric patients in acute-care hospitals and patients in geriatric rehabilitation [1, 2] . Malnutrition in older adults is associated with several adverse health and clinical outcomes, such as reduced strength, increased risk of morbidity (e.g. the development of pressure ulcers, impaired wound-healing, infectious complications, hospital readmissions and increased length of hospital stay), higher mortality risk [3e5], as well as higher health care costs [6] .
Studies summarizing the overall effects of nutritional intervention strategies on health outcomes by increasing energy intake, i.e. through oral nutritional supplements (ONS), dietary counseling or both, showed limited effects [7e9] . Some studies showed that nutritional support in malnourished older patients may also lead to improved health outcomes, such as hand grip strength, physical activity levels, cognitive function or quality of life [10e16], while others have found no significant effects of nutritional interventions on health outcomes [10,17e19] . It may be possible that some nutritional intervention studies were not able to show improvements in health outcomes due to their low impact on energy intake or body weight, as this is a prerequisite for improving health outcomes. In addition, methodological shortcomings of some previous studies, such as small sample size, and differences between studies in setting, inclusion criteria and intervention strategies, may have contributed to the heterogeneity in study results [7] . Hence, it has been suggested to analyse individual participant data in order to take into account correlations of observations within studies and account for potential study bias [9] . A metaanalyses using aggregate data may overcome the shortcomings of individual studies [20] by allowing further investigation of treatment effects and interactions between treatment and factors such as study setting (hospital, community-dwelling, institutionalized), type of intervention (dietary counseling and/or ONS) or participants' characteristics.
In this study, we have pooled individual participant data from nine international nutritional intervention studies performed among older adults at risk of malnutrition. This study aims to examine 1) the effect of the intervention on meaningful increase in energy intake and meaningful weight gain, 2) whether the intervention effect was modified by study characteristics or participants' characteristics, and 3) which study or participants' characteristics predict meaningful increase in energy intake and weight among participants from control groups in order to investigate which participants improve nutritional status without receiving any intervention.
Materials and methods

Search strategy
Our search for high quality nutritional intervention studies among older adults was based on two previous published reviews by Milne et al. [8] and de van der Schueren et al. [7] . In addition, we conducted a search in the database of MEDLINE. In the search strategy we combined text words and Medical Subject Headings terms without language restrictions. Search criteria included "nutritional support", "diet", "malnutrition", "undernutrition", "protein-energy malnutrition". Furthermore, reference lists of found trials and reviews were searched for possible eligible studies. Only randomized controlled trials (RCTs) were eligible for inclusion.
In addition, studies had to fulfill the following criteria: mean participant age 55 years or older, weight measured at baseline and follow-up, the intervention should aim to increase energy and/or protein intake through dietary counseling, ONS, or the combination of both. Studies were excluded in case of (partial) enteral or parenteral feeding, patients being treated for cancer, and when the nutritional intervention was combined with physical activity (when it was not possible to separate these intervention effects).
Data extraction and data handling
Study characteristics
Study setting was categorized into hospital, communitydwelling and institution (including nursing homes, homes for older adults, and 'mixed' homes). The nutritional interventions (type of intervention) were categorized into dietary counseling (i.e. individualized dietary advice taking into account nutritional status, nutritional rehabilitation goals, participants' (potential) disease status), ONS, or the combination of ONS and dietary counseling.
Participants' characteristics
For the current study we received the following individual participant data from the principle investigators of the included trials: age (y), gender, body height (m), information regarding experienced weight loss 3e6 months prior to study baseline (no weight loss, weight loss < 3.0 kg, weight loss 3.0 kg, do not know/ missing/not assessed), and ONS use compliance (%) for studies including ONS. We also obtained baseline and follow-up values of energy intake (kcal/day), protein intake (g/day), and body weight (kg), from which we calculated the absolute change (follow-up value e baseline value). Body mass index (BMI, weight (kg)/height 2 (m)) was calculated using baseline height.
Change in total energy intake
Change in total energy intake was categorized into meaningful increase in energy intake. We considered an increase of >250 kcal/ day as a meaningful increase in energy intake, as this is related to approximately one bottle of ONS or snack.
Change in body weight
Change in measured body weight was analysed as a categorical variable. To our knowledge, no definition of clinically meaningful weight gain among malnourished older adults is available. Dated studies have shown day-to-day variations in body weight ranging from 0.5 kg to 1.0 kg mainly due to day-to-day variations in body water [21e24]. Therefore, we considered a weight gain of >1.0 kg a meaningful change in body weight as it exceeds its daily fluctuation.
Statistical analyses
Baseline characteristics are presented as mean values and standard deviations (SDs) for continuous variables and numbers and percentages for categorical variables. To examine the effect of the intervention on meaningful increase in energy intake (>250 kcal/day) and meaningful weight gain (>1.0 kg) (research question 1), we performed logistic generalized estimating equations (GEE) regression analyses, using individual studies as cluster variable. Effect estimates were expressed as odds ratios (ORs) with 95% confidence intervals (95% CI). Besides a crude effect (Model 1), we also analysed the effect adjusted for age, sex, BMI at baseline, weight loss prior to study baseline, and study setting (Model 2). In a subsample of participants with baseline intake data (n ¼ 734), adjustments for baseline energy and protein intake was done. Additionally, we examined the moderating effect of study characteristics and participants' characteristics (research question 2), by adding the interaction terms separately to the crude model, with a P-value < 0.10 considered to be statistically significant for the interaction terms. In order to investigate which variables were possible predictors for meaningful increase in energy intake and meaningful weight gain among participants from the control group (research question 3), we also performed GEE regression analyses. All possible predictor variables, both study characteristics as well as participants' characteristics, were included in one model restricted to control group participants. Backwards selection procedure with a significance level of 0.05 was performed. Effect estimates were expressed as ORs with 95% CIs.
In sensitivity analyses, we considered being weight stable during the study (no difference in weight between baseline and followup weight) as a benefit among those who reported weight loss prior to baseline, in addition to >1.0 kg weight gain in those without weight loss prior to baseline. This was considered as a positive weight course. Furthermore, to test the robustness of the observed associations, weight gain of >2.0 kg during the study was considered as a significant benefit, as well as an increase in energy intake of >500 kcal/day.
Analyses were performed with IBM SPSS Statistics for Windows, version 23.0 (Armonk, NY: IBM Corp). A two-sided P-value < 0.05 was considered statistically significant.
Results
We identified 38 nutritional intervention studies that met our inclusion criteria. For eight studies, no contact information was available. Of the remaining 30 studies the principal investigators were contacted for contribution to the current study. Reasons for not contributing were as follows; no response (n ¼ 6), data had been destroyed (n ¼ 6), not able to provide the data (n ¼ 5), not applicable (e.g. when it was not possible to separate intervention groups when a combined intervention was performed for exercise and nutrition) (n ¼ 3), or studies were performed using the same dataset (n ¼ 1). Therefore, the current study includes data from nine nutritional intervention studies with a total of 1265 participants [13,18,19,25e30] . A flow diagram for the identification process can be found in the Supplemental Fig. 1 . Participants were included in the current study when data on age, baseline BMI, and change in body weight during follow-up were available, which resulted in 990 participants in the final pooled analytical dataset. From those, data on change in energy intake was available for 690 participants. Table 1 presents the characteristics of the included nutritional intervention studies and their inclusion criteria. Supplemental Table 1 presents participants' baseline characteristics of each included nutritional intervention study.
Study characteristics
Four studies were performed in a hospital setting including older adults at discharge from hospital [13, 18, 25, 30] , three studies among community-dwelling older adults [19, 26, 29] , and two studies among institutionalized older adults [27, 28] . Participants in the intervention group (n ¼ 500, 50.5%) were more often included in an institutionalized setting than participants in the control group (n ¼ 490, 49.5%), which is due to a slight oversampling of participants in the intervention group in one study conducted in an institutionalized setting [27] , and oversampling of participants in the control group in one study conducted in a hospital setting [30] ( Table 2 ). Risk of malnutrition was based on NRS2002 [18, 25] , MNA-sf screening tool [28, 30] , low BMI or recent weight loss [13, 26] , SNAQ 65þ [19] , the Fried criteria [29] , or no malnutrition criterion was applied [27] . In four studies, the intervention consisted of dietary counseling [18, 19, 25, 30] , in four studies the intervention consisted of providing ONS only [26e29], and in one study the intervention consisted of ONS in combination with dietary counseling [13] (Table 1 ). In studies providing dietary counseling, ONS were provided only if the intake of regular foods and beverages was insufficient. Regarding studies proving ONS alone; Manders et al. [27] , and Stange et al. [28] provided nutrient-and energy-dense dairy drink, de Jong et al. [26] provided fortified milk and fruit drinks, and Tieland et al. [29] provided protein enriched drinks. The duration of the studies ranged from 12 weeks up to 6 months, with three studies lasting 12 weeks [18, 25, 28] ; three studies lasting 17 weeks/3 months [13, 19, 26] and three studies lasting 6 months [27, 29, 30] . Data on compliance of ONS was available in all studies providing ONS alone and in one (out of one) study on ONS in combination with dietary counseling [13,26e29] . Mean compliance to ONS (intervention group) was 74.1%, whereby compliance in the hospital (80.0%) and community-dwelling setting (90.6%) was significantly higher compared to the compliance of studies performed among institutionalized older adults (61.2%) (P-value < 0.001).
Participants' characteristics
Mean age of participants in the pooled dataset was 79.2 ± 8.2 years, 64.5% were women and mean BMI at baseline was 23.9 ± 4.7 kg/m 2 ( Table 2 ). Participants in the intervention group experienced more often weight loss prior to study baseline and had a higher energy intake at baseline compared to participants in the control group. No significant differences between intervention and control group were observed at baseline for other participants' characteristics.
Change in energy intake
Seven out of nine studies [13, 18, 19, 25, 26, 29, 30] had data on energy intake at both baseline and at follow-up (n ¼ 690). These studies were only performed in a hospital setting or among community-dwelling older adults. Energy intake was assessed by means of a dietary record [13, 19, 25, 26, 29] , a food frequency questionnaire [30] , or a four day dietary record [18] . Mean energy intake increased by 164 ± 636 kcal/day in the intervention group and by 72 ± 535 kcal/day in the control group. Participants in the intervention group (n ¼ 138, 41.4%) had more often a meaningful increase in energy intake (defined as >250 kcal/day) compared to participants in the control group (n ¼ 112, 31.4%). Table 3 shows baseline characteristics according to meaningful increase in energy intake.
Compared to the control group, the intervention group had a non-significant increased odds of meaningful increase in energy intake OR: 1.59 (95% CI 0.95, 2.66) (Model 1), which remained nonsignificant in the adjusted model OR: 1.64 (95% CI 0.97, 2.79) (Model 2, Fig. 1A ). Additional adjustment for baseline energy and protein intake resulted in a more pronounced intervention effect; OR: 2.13 (95% CI 1.47, 3.10).
A significant interaction (P-value < 0.1) of the intervention effect with sex, baseline age and baseline BMI, with age and BMI both included as continues variables was observed. The intervention effect was greater for women, those at higher age, and those with lower BMI.
Stratifying the analyses by type of intervention showed that, compared to the control group, a non-significant intervention effect on increase in energy intake was observed for dietary counseling (OR: 1.83; 95% CI 0.89, 3.73), a negative intervention effect for ONS alone (OR: 0.60; 95% CI 0.54, 0.67), while a positive intervention effect was observed for dietary counseling in combination with ONS (OR: 2.28; 95% CI 1.90, 2.73) ( Fig. 1B) after adjustment for age, sex, BMI at baseline, weight loss prior to study baseline, and study setting. The effectiveness of dietary counseling on energy intake was not significantly different compared to dietary counseling in combination with ONS (P-value ¼ 0.49), however, dietary counseling and dietary counseling in combination with ONS had a greater effect on energy intake compared to ONS alone (Pvalue ¼ 0.002 and P-value < 0.001 respectively). Applying a more robust cut-off value of >500 kcal/day, 63 (17.6%) participants in the control group, 41 (20.1%) participants in the intervention group receiving dietary counseling, 4 (5.7%) participants in the intervention group receiving ONS alone, and 33 (55.9%) participants receiving dietary counseling in combination with ONS had a meaningful increase in energy intake. Compared to the control group and adjusted for age, sex, BMI at baseline, weight loss prior to study baseline and study setting, a non-significant overall intervention effect was observed (OR: 1.49; 95% CI 0.92, 2.42).
Change in weight
Mean weight change was higher in the intervention group (0.79 ± 3.86 kg) compared to the control group (0.06 ± 4.70 kg) including data from all 9 studies. Similarly, the number of participants with meaningful weight gain (>1.0 kg) was higher in the intervention group (n ¼ 221,44.2%) compared to the control group (n ¼ 168, 34.3%). Meaningful weight gain (>1.0 kg) was more often observed among participants who increased their energy intake (n ¼ 122, 48.8%) compared to participants who did not meaningfully increase energy intake (n ¼ 156, 35.5%). Baseline characteristics according weight gain status are presented in Table 3 . Crude analyses showed that participants in the intervention group had an increased odds of meaningful weight gain compared to participants in the control group; OR: 1.58 (95% CI 1.16, 2.17) (Model 1). Adjusting for age, sex, BMI at baseline, weight loss prior to study baseline, and study setting (Model 2) resulted in a more pronounced intervention effect; OR: 1.67 (95% CI 1.21, 2.30) ( Fig. 2A) . Additional adjustments for baseline energy and protein showed a similar intervention effect (Model 2, OR: 1.59; 95% CI 1.09, 2.32 vs. Model 2 þ intake, OR: 1.55; 95% CI 1.05, 2.30).
There was no significant interaction for intervention effect on weight gain with age, sex, BMI at baseline or setting (P-values of the interaction terms were all >0.4), suggesting that participants' characteristics and setting did not modify the intervention effect. Two supplemental servings per day of ONS (total of 600 kcal, 24 g protein); Care personnel were instructed to encourage residents to consume the amount offered, and to support compliance.
Usual care, which included provision of homemade snacks or ONS when prescribed by the physician or provided by family members.
weeks
Tieland et al. 2012 [29] Two supplemental beverage per day (250-mL) (total of 95 kcal, 15 g protein).
Two supplemental servings per day of a placebo supplement of 250-mL beverage containing no protein (30 kcal).
Abbreviations: C, control group; I, intervention group; MNA, Mini Nutritional Assessment; MNA-sf, Mini Nutritional Assessment-short form; NRS2002, Nutritional Risk Screening 2002; ONS, Oral Nutritional Supplements; SGA, Subjective Global Assessment; SNAQ65 þ , Short Nutritional Assessment Questionnaire 65þ. a Information is presented for participants with complete baseline and follow-up data (n ¼ 990). Stratifying the analyses by type of intervention showed that, compared to the control group, an intervention effect on meaningful weight gain was observed for dietary counseling (OR: 1.40; 95% CI 1.14, 1.73) and dietary counseling in combination with ONS (OR: 2.48; 95% CI 1.92, 3.31). In contrast, the OR for ONS alone was not significant (OR: 1.79; 95% CI 0.80, 3.99) (Fig. 2B ). Dietary counseling in combination with ONS had a larger intervention effect on meaningful weight gain compared to dietary counseling alone (P-value < 0.001), but no statistically significant greater effect compared to ONS alone (P-value ¼ 0.54). In addition, no statistically significant difference in intervention effect was observed for dietary counseling compared to ONS alone (P-value ¼ 0.55).
In sensitivity analyses, we investigated the intervention effect on positive weight course (i.e. being weight stable during the study as a meaningful weight benefit among those who reported weight loss prior to baseline, in addition to >1.0 kg weight gain in those without weight loss prior to baseline). This resulted in 456 participants (46.1%) with a positive weight course, and 543 participants (53.9%) who lost weight or gained 1.0 kg weight (among participant with no experienced weight loss prior to baseline). Using this alternative definition for a positive weight course, participants in the intervention group were more often meaningful weight gainers (n ¼ 244, 48.8%) compared to participants in the control group (n ¼ 212, 43.3%). Logistic GEE analyses showed that the intervention effect was somewhat attenuated compared to the main results, but still significant: OR 1.36 (95% CI 1.00; 1.84) (Model 1), and OR 1.49 (95% CI 1.07; 2.06) (Model 2).
The number of participants with meaningful weight gain defined as >2.0 kg was higher in the intervention group (n ¼ 155, 31.0%) compared to the control group (n ¼ 114, 23.3%). A total of 65 (29.3%) participants in the intervention group receiving dietary counseling, 55 (26.6%) participants in the intervention group receiving ONS alone, and 35 (49.3%) participants receiving dietary counseling in combination with ONS increased >2.0 kg body weight during the study period. Compared to the control group, a significant intervention effect on >2.0 kg weight gain was observed (OR: 1.69; 95% CI 1.20, 2.36), after adjustment for age, sex, BMI at baseline, weight loss prior to study baseline and study setting. Table 4 presents baseline characteristics from the control group who meaningfully increased energy intake or meaningfully gained weight, and those who did not. The predictors for meaningful increase in energy intake were; lower age (OR: 1.04; 95% CI 1.02, 1.05), male gender (OR: 1.75; 95% CI 1.03, 2.97), being hospitalized (compared to community-dwelling) (OR: 2.44; 95% CI 1.20, 5.00), and no reported weight loss compared to >3.0 kg weight loss prior to study baseline (OR: 1.23; 95% CI 1.06, 1.43). Analyses with adjustments for baseline energy and protein intake showed that lower age (OR: 1.05; 95% CI 1.03, 1.09), male gender (OR: 3.33; 95% CI 1.57, 7.09), and lower baseline energy intake (per 100 kcal) (OR: 1.22; 95% CI 1.14, 1.31) were significant predictors for meaningful increase in energy intake.
Predictors of meaningful increase in energy intake and meaningful weight gain and among participants in the control group
Predictors for meaningful weight gain were; >3.0kg weight loss prior to study baseline compared to no reported weight loss (OR: 2.60; 95% CI 1.59, 4.23), and study setting (community-dwelling (OR: 0.76; 95% CI 0.62, 0.94) or institutionalized (OR: 0.72; 95% CI 0.59, 0.88) were less likely to experience meaningful weight gain compared to those who were hospitalized). When performing these analyses with additional adjustments for baseline energy and protein intake in the subsample with baseline data on intake (n ¼ 386), significant predictors remained the same; >3.0 kg weight loss prior to study baseline compared to no reported weight loss (OR: 2.28; 95% CI 1.70, 3.06), and study setting (community-dwelling; OR: 0.77; 95% CI 0.65, 0.91, compared to a hospital setting).
Discussion
In this pooled analyses of individual data from nine international nutritional intervention studies in older adults at risk of malnutrition, we observed a positive intervention effect of nutritional intervention on energy intake and body weight versus control (research question 1). There was a positive intervention effect on both outcomes for providing dietary counseling and for providing dietary counseling with ONS, but not for providing ONS Table 4 Baseline characteristics for participants in the control group according to meaningful increase in energy intake (>250 kcal/day) (n ¼ 357) and meaningful weight gain (>1.0 kg) (n ¼ 490) during the study period.
No meaningful increase in energy intake (250 kcal/day) n ¼ 245 (68.6%) Meaningful increase in energy intake (>250 kcal/day) n ¼ 112 ( alone. Participants' characteristics did not modify the intervention effect for meaningful weight gain, while the intervention effect on meaningful increase in energy intake was greater for women, those at higher age, and those with lower baseline BMI (research question 2). We also observed that, among participants who did not receive any nutritional intervention (control group), predictors for meaningful increase in energy intake were lower age, male gender, being hospitalized, and no weight loss prior to baseline, while weight loss prior to study baseline and a hospital setting were predictors for meaningful weight gain (research question 3). Milne et al. (2009) published a systematic review and metaanalyses regarding the effectiveness of protein and energy supplementation (with or without dietary counseling) in older adults at risk of malnutrition, though studies of dietary counseling alone were not included [8] . Authors concluded that supplementation results in a small weight gain of 2.2%, and an intervention effect on complications and mortality in those who were undernourished. Another meta-analyses showed beneficial intervention effects on clinical, functional and nutritional outcomes of high protein ONS compared to placebo, routine care, normal diet, dietary advice, or ONS not high in protein [31] . Baldwin et al. [9] recently reviewed the effects of supportive interventions for enhancing dietary intake among adults who were (at risk of) malnutrition. Authors concluded that there is moderate-quality evidence that supportive interventions improve nutritional status such as minimal weight gain or energy intake. Elia et al. reviewed the association and effect of standard ONS on health (care) outcomes in a hospital setting [32] , and in the community and home care settings [33] . The review showed that ONS in a hospital setting is associated with lower mortality risk, fewer complications and shorter length of stay [32] , and that ONS in the community and home care settings is associated with increased weight, skinfold thickness and mid-arm muscle circumference, improved nutritional status, and lower hospitalization [33] . However, in the analyses, authors did not take into account whether studies included dietary counseling or not. The results of these previous meta-analyses are not fully confirmed by our pooled individual data analyses. Dietary counseling with and without ONS showed a positive effect on increase in energy intake and weight gain, while the effect for ONS alone was reversed and not statistically significant. A possible explanation why (protein rich) ONS alone showed a reversed effect on meaningful increase in energy intake could be that participants compensated their habitual energy intake or had a different appetite level which has been observed in some [34, 35] but not all studies [36, 37] . Another possible explanation is that studies included in those analyses, i.e. with data on nutritional intake, primary aimed to investigate effects of resistance-type exercise training with or without additional dietary protein [26, 29] . In that case, we included the protein and control groups only. Studies were aimed to increase muscle mass and strength [29] or improve micronutrient level [26] , and not necessarily increase in energy intake or body weight. Another possible explanation of discrepancies in previously published results regarding effects of ONS alone and our results could be differences in age range, as we only included studies performed in older persons, whereas in the previous meta-analyses participants aged 18 years and older were included [9] .
A unique aspect of our study, that could not be addressed in the previous reviews [8,9,31e33 ], is that we were able to investigate whether intervention effects were influenced by study characteristics or participants' characteristics, specified to older adults. We observed that the intervention was more effective on increasing energy intake among women, those at higher age and those with a lower BMI. Although this interaction effect was not found for meaningful weight gain, these results suggest that females, those who are older and more underweight are more likely to respond to the intervention by increasing their energy intake. Future studies should investigate the mechanisms explaining these interaction effects.
Another unique aspect of this study is the ability to test the actual effect of the intervention on energy intake. Milne et al. [8] suggest that an increase of 400 kcal/day results in a modest positive effect on weight gain. Unfortunately, most previous studies reported the amount of kilocalories provided through ONS and not the actual total amount of kilocalories consumed per day. It is possible that participants who received ONS compensated by reducing the intake of meals and snacks. This current study shows that the intervention group on average consumed more calories compared to the control group, suggesting that they did not completely compensate the energy supplemented. Moreover, participants who meaningfully increased their energy intake, more often were meaningful weight gainers, suggesting again an overall increase in the daily energy intake.
Next to investigating the effect of nutritional intervention, we also investigated which study and participants' characteristics predicted improved nutritional status in those without any intervention (control group). We showed that lower age, male gender, a hospital setting and no reported weight loss at study baseline were predictors for meaningful increase in energy intake, and that reported weight loss at study baseline and a community-dwelling or institutionalized setting were predictors for a meaningful increase in body weight. This could be explained by the fact that younger adults are more resilient compared to older adults [38] . Hospitalized older adults, compared to community-dwelling and institutionalized older adults, are often recovering from acute illness during the nutritional intervention, and this recovery itself may already have a positive effect on their energy intake and body weight, which could explain why the ample majority of the participants in the control group who meaningfully increased energy intake or meaningfully gained weight were hospitalized. Reporting weight loss prior to study baseline was a predictor for not increasing energy intake. It is possible that those participants were more often severely diseased and suffered from a poorer appetite. A poorer appetite in turn is linked to a lower energy intake and is likely to result in weight loss. Based on these analyses among participants from the control group, we can conclude that women, those with a higher age, and depending on the setting and their weight loss status, need active treatment since their likelihood of natural recovery is lower.
In our study, body weight was used as outcome measure. It is however possible that nutritional interventions do not result in a meaningful weight gain, but could lead to other clinical benefits such as functional benefits. This could occur through an improvement in micronutrient levels or body composition (i.e. an increase in lean body mass). Future studies using pooled datasets are needed to investigate the effect of nutritional interventions on other health outcomes, such as muscle mass, muscle strength, physical function and survival.
Strength and limitations
A major strength of this study is the availability of individual study participant data from nine high-quality, randomized controlled intervention studies. This has resulted in greater statistical power compared to previous meta-analyses, and allows investigating whether intervention effect was influenced by study characteristics or participants' characteristics. Furthermore, this study was unique in the ability to investigate the intervention effects on actual energy intake. However, this study is not without limitations. Our literature search yielded in 38 articles, of which we were able to retrieve data from nine studies. Reason for not contributing in the current study were mainly because no contact information was available or data from older studies were already destroyed. This might have led to selection bias towards more recent trials. Furthermore, the ample majority of the included studies were conducted in Europe. Another limitation is that we were not able to investigate whether the effect of a specific treatment differed between the three study settings since the three intervention types were not performed in all study settings. Furthermore, the included studies differed according to the method used to assess nutritional intake (dietary records, frequency questionnaire, and dietary history). However, since we analysed change in energy intake within persons, the impact of combining data from these different methods might be limited. In addition, we analysed change in energy intake from baseline to the end of the intervention period to assess the effect of the intervention. We cannot exclude that this approach may have led to an underestimation of the true effect of the intervention on energy intake, since the effect might have faded out over time. However, three included studies with multiple measurements of energy intake [19, 29, 30] , showed that increase in energy intake from baseline to mid-intervention was not greater compared to the increase from baseline to the end of the intervention period, suggesting that the potential underestimation of the effect is limited.
Conclusions
We conclude that nutritional interventions are effective in increasing energy intake and body weight among older adults at risk of malnutrition. Dietary counseling with or without ONS was more effective compared to ONS alone, which shows the importance of active dietary counseling in the treatment of (risk of) malnutrition in older adults. The intervention effect on meaningful increase in energy intake was greater for women, those at higher age, and those with lower baseline BMI. Among participants who did not receive any nutritional intervention, lower age and a hospital setting were predictors for meaningful weight gain, whereas lower age, male gender, a hospital setting and no weight loss prior to baseline were predictors for meaningful increase in energy intake. Future studies should focus on investigating the effectiveness of different nutritional interventions on other clinically relevant outcomes, such as body composition, muscle strength, physical function and survival in different health care settings.
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